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Abstract
The R-matrix for asymmetrical XXZ spin chain in magnetic field is presented. It depends
non-additively on two spectral parameters.
The following R-matrix:
R(λˆ, µˆ) =


a(λ1, µ1)e
η(λ2−µ2)
shη b(λ1, µ1)e
η(λ2+µ2)
b(λ1, µ1)e
−η(λ2+µ2) shη
a(λ1, µ1)e
η(µ2−λ2)

 , (1)
where a(x, y) = sh(x− y + η) and b(x, y) = sh(x− y), satisfies the Yang-Baxter equation [1]:
(I2 ⊗ R(λˆ, µˆ))(R(λˆ, νˆ)⊗ I2)(I2 ⊗R(µˆ, νˆ)) = (R(µˆ, νˆ)⊗ I2)(I2 ⊗ R(λˆ, νˆ))(I2 ⊗ R(λˆ, µˆ)), (2)
and the initial condition:
R(λˆ, λˆ) = shηI4, (3)
where I4 is a 4 × 4 identity matrix. Here in (1)-(3) λˆ = (λ1, λ2) is a vector-parameter as well as µˆ
and νˆ.
In the limit η → 0 we have:
1
sh(λ− µ)
R˜ = I4 + ηr(λ, µ) + o(η), (4)
Here R˜ = PR and P is the standard permutation operator in the space C2 ⊗ C2. The classical
r-matrix:
r(λ, µ) =


cth(λ1 − µ1) + λ2 − µ2
−λ2 − µ2
1
sh(λ1 − µ1)
1
sh(λ1 − µ1)
λ2 + µ2
cth(λ1 − µ1)− λ2 + µ2


, (5)
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satisfies the classical Yang-Baxter equation [1]:
[r12(λˆ, µˆ), r13(λˆ, νˆ) + r23(µˆ, νˆ)] + [r13(λˆ, νˆ), r23(µˆ, νˆ)] = 0. (6)
According to general scheme of the Quantum Inverse Scattering Method [1] the R-matrix (1)
corresponds to asymmetric XXZ Heisenberg spin chain in external magnetic field. This model is
described by local Hamiltonian H =
∑N
i=1Hi,i+1 with the following local Hamiltonian density:
Hi,i+1 = e
ψσˆ+i σˆ
−
i+1 + e
−ψσˆ−i σˆ
+
i+1 +
chη
2
σˆ3i σˆ
3
i+1 +
h
2
(σˆ3i + σˆ
3
i+1). (7)
Here N is the number of sites of the chain and each σˆki is the Pauli matrix σ
k acting nontrivially
only in the i-th space.
In order to connect the R-matrix (1) with the local Hamiltonian density (7) we shall put λˆ =
(λ, λh
ηshη
), νˆ = (ν, νh
ηshη
) and consider elements of theR-matrix as functions of two scalar parameters.
Then the correspondence between R and H is given by the formula:
H = shηL−1(λ, ν)
∂
∂λ
L(λ, ν)|λ=ν −
chη
2
I4, (8)
where L(λ, ν) = R˜(λ, ν). The parameter ψ may be expressed from ν as follows: ψ = 2νη. According
to the Eq. (2) the matrix L(λ, ν) satisfies the standard relation [1]:
R(λ, µ)L(λ, ν)⊗ L(µ, ν) = L(µ, ν)⊗ L(λ, ν)R(λ, µ). (9)
Analysis of the corresponding Bethe ansatz leads to the same formulas as in [2]. However using
the R-matrix (1) inside the relation (9) we are directly taking into account the interaction with
magnetic field.
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